Abstract. For the mechanism described in references the study of the nonlinear vibrations is performed considering a multibody approach for the elements of the mechanism and different laws of motion for the control element. A great attention is paid to the equilibrium of the motion. The influence of different parameters of control is highlighted in the paper. The results are numerically validated.
Introduction
The references were presented in our previous papers [12-14] and we will not repeat here.
The mechanism (Fig. 1 ) consists in the shaft OA which rotates uniformly around the point O , the triangular shell ABC , the levers CE and BD , and the piston situated at the point D .
The distance between the point E and the OY -axis is denoted by d , while the distance between the piston and the same axis is equal to e .
The triangular shell ABC and the levers BD and CE have plane-parallel motions.
The end E of the lever CE can move in vertical direction during the functioning of the engine, resulting different compression ratios and different points of extreme for the piston.
We denote by i C , 
Multibody approach
The position of the mechanism is completely known if we know the position of the center of mass for each element (that is, the coordinates 
and let us consider a generic point P that belongs to the elements 1 i and 2 i . 
If
in which 
We denote by   q the column matrix
The coordinates of the point 1 C offer the first two constraint functions 
. 0 cos sin cos sin 
Keeping into account that the point 5 C moves only in the vertical direction, and the element 5 (the piston) does not rotate, one gets another two constraint functions
In this paper we assume that the point E has a fixed position, that is, another two constraint functions are obtained
is the fixed coordinate of the point E in the vertical direction. Since we obtained 14 constraint functions
, it results that the mechanism has one degree of freedom.
We apply the theory of the extremes with constraints resulting the Lagrange function
One has to solve the following nonlinear system of 29 equations with 29 unknowns 
(25)
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Numerical simulation
We selected the following standard values for different parameters of the mechanism:   
  
Conclusions
From the previous discussion one may conclude:
-the existence of jumps for linear and angular accelerations, which lead to greater inertial forces and torques; -a very complicate synthesis of mechanism. Particular values for the dimensions of particular elements [25] may lead to an useless mechanism, that is, the mechanism works like a simple crank-shaft one, no matter which is the position of the point E .
The previous discussion implies to involve more elements in the study. The classical synthesis of the mechanisms, that is, the establishing of certain dimensions of the elements, must be continued with the study of the resulted linear and angular accelerations in order to determine the inertial forces and torques, and the study of angular velocities in order to determine the wear of the joints.
Keeping into account the previous remark [25] , it is possible to determine a variable compression ratio mechanism which satisfies the constructive and dynamical requirement.
